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(57) Abstract: A lithography 
apparatus including both a laser beam 
source and an elecn-on beam column 
(190). where the elecm)n beam column 
has a support (in one embodimem a 
window (401) in the column housing) 
having an index of refraction n. TTie 
support, fiaving a photocathode source 
material disposed on its remote surface, 
is located in some embodiments such 
that the internal angle of the incident 
laser beam is 8 with respect to a line 
(3Q5) perpendicular to the remote 
surface. Tlie numerical aperture 
of the subsffate (equal to nsinO) is 
greater than one in one embodiment, 
resulting in a high resolution spot size 
diameter incident on the photocathode 
source material at the remote surface. 
Incident energy from the laser beam 
thereby emits a corresponding high 
resolution electron beam (405) from 
the photocathode source material. 
Electromagnetic lens components 
are disposed downstream in the 
electron beam column to demagnify 
the electron beam. This apparatus 
aUows the continuously decreasing 
minimum feature dimension sizes 
for semiconductor electron beam 
lithography. 
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FIELD OF THE INVENTION 

This invention relates to a hybrid of 
10 photolithography and electron beam lithography, and in 
particular, to an electron beam column using high 
numerical aperture photocathode source illumination. 

BACKGROUND 

15 Lithography is commonly employed to produce 

repeatable patterns on a semiconductor substrate to 
form, for example, integrated circuits and flat panel 
displays. A conventional lithography process begins 
with coating a substrate with a layer of resist. An 

20 image projection system, for example, using an object 
reticle (i.e., ^^mask") or sequential scanning (i.e., 
"direct write"), exposes selected regions of the resist 
with optical (light) or particle (electron) beams that 
change the properties of the exposed regions. Using 

25 the changed properties, the resist is developed by 

removing the exposed or unexposed regions (depending on 
the type of resist) to create a patterned resist mask 
suitable for further processing such as etching or 
oxide growth. 

Currently, feature sizes of integrated circuits 
are continuously decreasing, requiring ever finer 
pattern resolutions. However, the resolution of image 
projection systems is limited by the spot diameter size 
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(i.e., "spot resolution'<) of the beams On the target 
region . • - ' 

One such conventional technolcgy resulting in 
-small spot diameters is electron beam •lithography. An 
5 electron beam lithography system accelerates and ' 
focuses an intense beam of electrons to direct write 
precise patterns on the workpiece. However, even more 
precise patterns .are desirable to allow a reduction in 
feature sizes. Therefore/ what is desired is a system 
10 and method for forming patterns that have finer 
resolution than conventional patterns. 

SUMMARY 

In accordance: with the present invention, a hybrid 
optical/particle beam lithography' (imaging) apparatus ' ' 
includes both a laser beam source and an electron beam 
column.. The present electron beam column includes an 
optically transmissive support having an index of 
refraction n. . The support, having a photocathode 
source material disposed on its (first) surface 
opposing ..the, (second) surface on which the -laser beam 
is incident, receives-, the laser beam such that, the 
internal. angle of the marginal rays of the" laser beam 
is e with ^respect to. a line normal to theOupport 
25 second surface. The numerical aperture (N.A. ) of the 
beam inside the support (equal to nsinG) is' in one 
embodiment greater than one, resulting in a high '. 
resolution spot size diameter incident on the on the 
photocathode source material. Energy from the laser 
beam emits a corresponding high resolution electron 
beam, from the photocathode source material. 
Electromagnetic lens coihponent (s ) in one embodiment . are 
disposed in the electron beam column downstream fr< 


20 


30 


:om 


-2- 


,.WP. 01/09920 


PCTAJS0O/20S29 


10 


15 


20 


25 


30 


the photocathod^ to^f urther ,.demagn±f y the electron 
■'"beam. 

In one emb^odi.ment., it.he. photarathcds source 
material support is a.n .optically transmissive window 
located at the upp^r part, of the- felectrbn beam column 
The laser beam passes through. the window to impinge on 
' the photocathode source . material . In another ■ 
•embodiment, the photocathode source -material support is 
on an optically transmissive substrate which is located 
inside the electron beam, coaumn, spaced apart from the 
window itself. (The window Is .necessary because the 
electron beam must be inside a vacuum, and hence the 
electron beam is inside a housing, typically of steel . 
Thus in either, cas.^.,.. the,, phot.o.cathode ■ source material 
is located on a ..support,.. ^eitherK the^ wih^^^ 
dedicated support s.ubs,t.rate,,located inside the electron 
beam column housing... ..... r ■, , , ..• 

Since in one embodiment bhe...ftumerical aperture of 
the support is greater ttjancWP t-h^ spot size diameter 
of the laser beam, inci,dent:, cln>^this:!underlyin5 
photocathode spurp.e .Is ..sina-1,1;., ^AN-.eorresponding high 
."resolution electron, beaip .iS;,^.mitteid- which then is' 
further demagnif ied, r.e^u.l-1vi^.g .dh,' electron beam spot 
sizes (diameters) of . hi^gh^resoiutions (e .g. , lie nm or 
less).^ Thus the present hybrid of a scanning laser 
system- and an' electron beam cplumn. allows . continuously 
decreasing minimum dimension sizes fcr fabrication of 
semiconductor circuitry. 

Another benefit is improving the transmission of 
the electron optics, which is typically proportional to " 
(M)^ where M is the ratio of , spot... si ze at. the. final 
image of the electron optics to spot sizeat the, 
photocathode. A modest value , of .. M, allows for smaller 
incident optical power at the photocathode, leading to 
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improved photocathode lifetimes;,. a'ndVbr^iystem---^ 
throughputs... ■' ' ■■■ ■'■•''•'*•■■ '''■■•■■^ 

The, photocathode., source material- siipKArV in' one 
embodiment is sapphire,, .which.- has de^ixabie high' 
5 thermal conductivity, strength, and tt'ansmissivity . 
However, sapphire is uniaxially birefringent, 
presenting problems. These problems are overcome by 
using a particular orientation of the sapphire crystal 
and polarization of the laser beam, so that the c-axis 
10 of the sapphire crystal .is oriented in the plane of the 
support and the polari2at;ion. of the laser beam is at 90° 
of the c-axis. 

Principles of the,. present invention- will best be 
understood in light of ..the following' detailed 
15 description along with the accompanying drawings .^ ' • 

BRIEF DESCRIPTION OF THE DRAWINGS . 

Fig. 1 shows schematically, an electron beam 
lithography system in accordance with the invention. 
20 Fig. 2A shows pictorially, in side view, detail of 
Fig. 1. "■■ "■ ■ ■ " ,.' ■ 

Fig. 2B shows pictorially another embodiment of 
detail of Fig. 1. 

Fig. 3 shows detail of the electron beam column of 
25 the System of Fig.- 1. 

Fig. Ah shows pictorially another. embodiment with 
a birefringent material support. 

Fig. 48 shows use of the Fig. 4A structure in an 
electron beam column. i 

30 Similar reference symbols in the figures represent ' 

the same or similar elements. 
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DETAILED . DESCRIPT-ION - . . ; : i ' -- - 

Embodiments of the present invention improve the 

spot, resolutior^,. lifetimes- and-- throughput cf electron 
bca-..iiL.hography- systems. . Optic&l resolution R i^ 
defined. by. the well-known Equation (1) . 

.R = kX/U,h. ■ (-j^j 

where • . ' ' ' ■■ 

k is a variable (e.g., 0.8) which depends on 

system parameters; 
X is the free space wavelength of the 

electromagnetic radiation used to form 

the image; and 
.N.A, is the numerical 'aperture of the final 
■ ■ optical component.' ' ' 
Assuming ..a;. given value k, the reSolutibn value R is" 
advantageously reduced by decreasing the free space 
wavelength X of the electromagnetic radiation . (e i g . , a 
laser beam), and/or by increasing the numerical aperture 
value. .{N..A.) of the final op'ti-cal component (e.g., the 
substrate or window overlying and supporting the 
photocathode source material). The present invention 
is directed' to improving ■resolution by increasing the 
numerical aperture of that final optical component. 

Final" here- means the -optTcal element closest to the 
photocathode source material, called here the support . 
."Optical, element" does not here require refractive, 
power . 

An election beam lithography system 100 in 
accordance with an embodiment of the invention, shown 
schematically in Fig . 1 , infeludes a conventional laser 
110 with beam shaping optics 112, multiple beam 
splitter 114, relay optics 116, a multi-channel 
acousto-optical modulator 120, lens 124, mirror 128, 
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objective lens 185 and an electron, -beam column 190 
(Optical elements 110,. 11.2, IM,. 14 6, .,12:0, ll28 and- 185 
are all conventional.) Electron beam column IDO; ;. 
ccntaini a photocathode, shown in ,Fig...,2 . •■ • : 

If conventional materials are . used .for that 
photocathode, e.g., gold, a conventional laser liOwith 
photon energy high enough to overcome the work function 
is used, such as a frequency doubled Argon ion laser 
operating at 257 nm (e.g., the Sabre-Fred laser 
supplied by coherent ) ,. Alternatively, , if a ceslated 
photocathode is used, a conventional laser diode array 

operating in the red may be substituted for the laser- 
modulator combination. 

Multiple beam splitter. 114,. relay^ optics. 116, and 
acousto-optical modulator 120 convext, collimated laser ' 
beam 115 into a modulated, laser, beam bundle 125 . 
containing any -number , (e.g., 8 or 32) of separate ^ ■ 
collimated laser^sub-beams of which, for clarity . 
reasons, on^V three laser sub-beams are sho : .. 

Fig. 1. A suitable laser source is a. laser diode, ■ 
e.g., part no. SDL-75 01 from Spectra Diode . 
Laboratories. Proportionally smaller spot .size,. . 
diameters are obtained if light of lower wavelengths is 
used. Modulator 120 changes the intensities of' the 
individual laser sub-beains typically, turning- the laser : 
sub-beams- on and off in response to an, externally 
provided electrical signal E. Conventional .'gray scale 
intensity control can also be employed to provide an 
optimum irradiance profile to the beam 125 eventually 
written to the worlcpiece (not shown) . . Each laser .sub- - 
beam is focused to a separate spot, by objective, lens 

185 on the photocathode substrate. in electron beam 
column 190. " " 
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T:h.e .spot. .arrafy formed on the photocathode is 
;, demagnified and' stanhed by'the' electron beam column 
190. C _ . . n-i^"' - ■ ■■■ ' ■ ■ ■ • 

Electron beam column 'l90;"{shown in detail in one 
embodiment : in Fig. '3 and described beiow) demagnifies 
and focuses. the electron beams'^onto the workpiece 
disposed in a lower portion of electron beam column 
190. A conventional x-y stage moves the workpiece 
perpendicular to the scan line direction of the 
electron beams.. Movement of the workpiece 'can be 
continuous during scanning' or" may only occur each, time 
the associated elfectrbn^ scan' optics completes a bundle 
of electron beam scan lines. 

As the electron beamV sweep across the 
corresponding scan line, the corresponding laser 
sub-beams'.in 'laser- beam bun3i^425 are turned on and 
off by: modulator 120 tb control which regions in the 
corresponding scan ' line at't'He'^surf ace of the workpiece 
are illuminated. Thus el^c^on beams sweep a precise 
image orit a -^t he workpiece/ \h^;^a^ by the 

signal E ektexrlaliy provided to modulator 120 from 
source . 128. "' ■ - ' ' ^ ■ , - i-rf\os.:' 'c,o , : . 

. The f±naa-' {lowest)' surface of the objective lens 

185 is preferably in close'proximity to the window. 4 01 
in the upper- part of-the- -electron b^ column 190. The 
window, is. needed because the electron beam must be in a 
vacuum, and the- window admits 'the laser beam" to the 
otherwise, opaque electron beam^cblumn 190 vacuum 
enclosure. Light is transmitted between the last 
element, of the objective lens 185 and the electron beam 

column window 401 bv e n r,no\^f' t-K \. ' i. ■ 

uy, e.g., one of three techniques: 

1) An index matching fluid or adhesive; 

2) Optically contacting the two surfaces; or 


--7 _ 


wo 01/09920 


;,. '.">'!\r^Cr/US00/2O529 


10 


15 


20 


25 


3) Placing the two surfaces, within one' • ■ 
■ wavelength of light' of each other ;so that the ' 
evanescent wave couples across the ..gap;. . 

Fig. 2A shows in one embodiment the- path of two 
ray bundles 125a- and 125b through the lower portion of 
objective lens 185 and the electron beam column window 
401 xn a cross-sectional view. Objective lens 185 • 
includes in this example positive (focusing) lens 
element 310 and hemispherical lens element 320. 
(Lens 185 would generally conventionally include other 
optical components, now. shown.) Lens element 320 is 
the final optical element here at the objective lens 
185. The marginal .rays enter the window 401 at a - 
relatively oblique angle for small spot^. . Lens 
elements Sio; 320 are only exemplary,. , hemispherical 
lens. 320 allows use of an index matching fluid or a ' 
narrow air gap 330: ' The ^ upper part of the optically 

opaque transmissive housinn r^■F ^i^^*. 

j-ve nousing of electron heam column 190 

is shown at 403. 

■ The laser sub-beams I25a, 125b. pass from Within^ ' 
index matching fluid or narrow gap 330 and through the 
optically transmissive window 401 . . Optically ■ 
transmissive window 4 01 and lens. 320 are, for example, 
sapphire, diamond, fused silica,, calcium .fluoride, or 
optical glass. Thus" laser ., sub-beams. 125a,. 125b are ' 
each incident on photocathode source layer 402 formed 
on the underside of window 401 and eject corresponding 
electron beams 405a, 405b and 405c from photocathode ' 
source layer 402 into the vacuum within electron beam 
30 column 190. Photocathode source layer 402 is, e.g.; a 
thin layer of gold, cesiated gallium arsenide,' or 
cesiated semiconductor film conventionally formed, in 
this embodiment, on the remote (lower) surface of 
window.. 401. The advantage of cesiated semiconductor 
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films :,is that. thg ■work-function for eject,ing electrons 
is relativ,ely l.ow::such that= even' red light .may eject 
electrons f rem, the' ' f ilm. Exarnples' of suitable 
electron, beam column are- commercial electron beam 
columns within, electron- beam lithographic equipment 
, such, as the Mebes- 5000 supplied by Etec Systems, Inc. 

^ Fig; 2B shows in some irispects a .structure similar 
to that of Fig- 2A/ except that the photocathode is not 
located on the surface of the window 420.. instead, the; 
..photocathode source layer 424 is formed on ..a 
transparent.. .substrate 426 support which plays the role 
of window .401 in Fig. 2A of supporting, the photocathode 
source layer... ■ Lens "element 310^ focuses the laser beams 
passing . through window 42b' onto hemispherical lens 320. 
In this arrangement there is "a narrow vacuum gap. or a 
layer of nonvolatile ihdex matching material 330.- 
between lens 320 and support 426. The laser .^beams and 
electron beams are not shown in Fig . 2B. Also, in both 
Figs. 2A and 2B, the conventional mounting structures 
fox the ..various lenses and structures. 4-24, 426 are , not 
.shown . ■ - . ': ■"- ■ ■ - • • 

The numerical aperture^ '(N . A. ) of the beams in the 
window 4 01- (or. the photocathode substrate 426 i,n. Fig.-. 
2B) is in . some embodiments very high (e . g greater- 
than 1) . -_The effective numerical "aperture, is defined 
by the well-known Equation (2) . 
N.A. = nsin9 

r -where 

•n is the index of refraction of the .support. 

30 material; 

and 

e is the angle of laser beam bundle 125- with 
respect to the optical axis 305 where 
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laser beam bundle, ,125 is- incident- on 
photocathode source- material •4 02;■■ 
The index of refraction n, of the. window .(br- • 
photocdLhode substrate) is ,in spme. embodiments ■ 
relatively high (e.g., approximately 1.80 for SF6 
glass) and the angle 0 of laser beam bundle"- 125 within 
the window (or substrate) with respect to the optical 
axis 305 is relatively, obtuse (e.g., 0 = 64 degrees). 
Therefore in some embodiments the effective numerical 
aperture of the window (or substrate) is above ohe 
(approximately 1.62 if , 0 is 64- degrees and the index of 
refraction of lens component 320 is 1.80). 

A focusing objective .of numerical aperture' NA 
illuminated by a laser beam truncated at the l/e^ 
intensity point will ..produce a theoretical spot size 
d = . 57 ^VNA. . where, d is the full width, half maximum 
diameter. Thus, the., laser-beam spot size diameter on 
the photocathode source material could be made as small 
as 223 nm full width half: ftiaximum ("FWHM") if the free 
space operating .wavelength X 6f' the laser beam 'is 635 
nanometers.. '• • ' 

Fig. 3, shows relevant portions of the optical 
portion of the- Fig. . l -systetn and the electron baam , 
column 190 in more detail Fig : 3' is generic to the, 
25 Fig. 2A,. 2B embodiments. (The ^ suiDstrate/windpw is not 
shown supporting photocathode' source' materiaV 4 02, 4 Q4 . ) 
In Fig. 3, electron beam bundle 405a, ' 405b, 405c is 
further., demagnified in- electron beam column 190 to 
reduce the spot size diameter. Each electron beam 
405a, 405b, and. 405.c^is demagnified by electromagnetic 
lenses 410 and 430, deflected bV deflection system 440, 
and is incident onto a workpiece W (e.g., a 
semiconductor wafer or mask blank). Workpiece W is 
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conventionally, located' b^^ x-y stage 4 40 

(referred, to, aboVel whfcfi- moves" continuously,, or in 
stepped .fashion, -peirpendicular to the scan " clirecri. 
(derermined by deflection' system 440) such that the 
electron beam bundle ' 405 Conventionally is raster 
scanned onto workpiece W. 

In accordance -with yet 'Another e'mbodiment of the 
invention, a particular material is used' for the 
photocathode support, in one embodiment this is 
sapphire material used due to-its high- thermal 
conductivity, mechanical stifrehgth, and transmission 
over a broad wavelength ■ region, including 'down to the 
ultraviolet. However, sapphire -^is a riiaterial of a 
class which is,, referred to,as -bifefringent", generally 
refracting light,,of. .different: polarizaVions at 
different angles... This makes:.lt somewhat difficult to 
form a high numerical aperture, : sm^ll spot inside" or 
through such material,. r . . . 

In accordance with the invention it has been ' 
20" determined that sapphire. OB -other ^birefringent 

materials may be used for the photocathode support, so 
. long as they have a particul^.r, ..orientation of the 
sapphire material or other material :and the 
polarization , of the incident ^J^a-.s^r beam is required to 
make tightly focused spotp. Sapphire is an- example of 
a- uniaxial crystal, in that it,. has one direction the 
c-axis, which behaves differer^tly than all other axes. 
The material is rotationally symmetric about this axis. 
The best imaging propertie..s are obtained by orienting 
the c-axis in the plane of the window (support) 
material and the polarization of. the laser beam 
oriented 90'' to the c-axis. . 

Such a. structure, may be used in any application 
that a small spot is created in or through the 
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photocathode support., material . ^There is ho requirement 
, for a last focusing element, in'clbse ptoximityV such as 
the above-described, optically contacted, indexed 
matched, or evanescently coupled situations. 

Fig. 4A shows generally use of a birefringent 
photocathode support material as disclosed above. In 
this case the linearly " polarized laser beam 460, having 
central axis 462, is incident upon a sapphire (or other 
birefringent material) photocathode support 4 66. The 
arrow E marked 4 68 is the orientation of the laser beam 
electric field The c-axis of the crystalline sapphire 
support is shown at 4 70. Of course this orientation of 
the laser beam electric field and the c-axis shown by 
the arrows are not actual structures, but vectors. The 
actual photoemissive material 470 is shown on the 
underlying surface of support 4 66. This shows the 
preferred orientation for a uniaxial birefringent 
material used as a photocathode support. 

Use of this in an electron beam column is 
illustrated in a side view in Fig. 4B, with similar 
elements having the same reference numbers as in Fig. 
4A. Additionally, there is depicted the electron beam 
column housing 4 72, in which the birefringent support 
material 4 66 is a window in this embodiment. Similar 
to the embodiment of Fig. 2A, the photocathode source 
material 470 is shown formed on the underside of window 
4 66. However, unlike the situation in Fig. ''2A, there 
is no final focusing element such as lens 320 needed in 
close proximity to window 4 66. 

Although principles of the present invention have . 
been described with respect to specific embodiments, 
these embodiments are illustrative only and not 
limiting. In light of this disclosure, it will be 
apparent to those skilled in the art that various 
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^^f^^i^^'^^^^ons, in^^y, be. made- in accordance with the 
principles, pf the^presentr lnventiori. The scooe of the 
present^. inveption,,is defined . by the following" claims. 
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CLAIMS 

I Claim: - . y. j . ■ : . 

1. An apparatus comprising: 

5 a source of a laser beam; and 

an electron. beam column- comprising: 

- a photocathode support of a material 
transmissive to the laser beam; and ' 

a photocathode source material disposed 
10 on a remote surface of the support, wherein 

the, photocathode source material and the 
support ar^ located with respect to the; 
source of .the rlaser' beam so that the laser 
beam radiates through the support at an angle 
15 with respect to a line perpendicular to a 

. plane defined by the remote surface, thereby 
emi.ttingv an electron beam. 

2. The apparatus: of Claim 1, further comprising: 
20 . . an electron-: lens component located with 

- respect to thB: photocathode source material to 
demagnify the :,^iectron beam. 

3. The apparatus: of .Claim 1, wherein the laser 
25 beam is a stationary .laser beam. • ; • 

4. The apparatus of. Claim 3; further comprising 
an optical element. .located, to scan the laser beam. 

30. 5. The apparatus of Claim 1, further comprising: 

an immersion lens located on an optical path 
between the source of the laser beam and the 
support, thereby .to direct the laser beam to the 
support . 
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6. The apparatus of Claim 5, further comprising; 
a fluid disposed between th^ in^niersiori lens and 
the support.. ;; • 

7. . The apparatus of Claim 5, wherein the 
immersion lens is of a material- chosen from the .group 
consisting of, fused. silica, calcium fluoride, sapphire, 
diamond and, optical glass.. • 

8. The apparatus of Cdaim I; •..wherein the support 
is. of a material chosen from the group; consisting of 

..fused silica, calcium • fluoride-, "isapphiire, diamond and 
optical glass. . . ... ■' - .-. 


9. , .The apparatus of: Claim d, -wherein: 

the source of .the laser- beam- outputs a 
plurality of scanned laser beams; 

the material of' the sup'port is- transmissive 
., to the plurality of 'sca^nfed ttaser beams; 

the- photocathdde: source material and the 
support are located, so ;tshdt the plurality of 
scanned laser beams radiates through the support 
.at the angle with respect to the line 
25 perpendicular to-, the. plane defined by the remote ' 

surface; and 

..the plurality of scanned laser ■ beams is 
.incident on the photocathode source material at 
the remote surface, thereby emitting a 
corresponding plurality.of scanned electron beams! 

10.. The apparatus of Claim 1, wherein the support 
is a window disposed in , a housing of ' the electron beam 
column . 
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11. The apparatu^^ of Claiin 1, furth-er. comprising : 
a window disposed in a housing of the 

electron beam column, the. ,win(dow being' optically 
transraissive of the laser .beam; , and -. ' 

wherein the support is spaced apart from the 
window. 

12. The apparatus of Claim 1, wherein an index of 
refraction of the substrate is n, the angle is e,.and^ 
nsin9 is greater than one., : 


13. The apparatus, of Claim 1,. .wherein the support 
is of a uniaxially birefringent crystalline material, 

15 having a c-axis about whiqh it is • rotationally • • 

symmetric, and wherein the c-axis extends in a plane 
parallel to that defined.by a principal surface of the 
photocathode source material, and a polarization 
direction of the laser .beam is at . 90'* to the c-axis. 

20 ■ . . : . . • 

14. The apparat,us .of Claim 13, wherein the 
support material is sapphire. 

15 . A method.^ comprising 

directing a. laser beam onto surface of a 
support in an electron beam column such that an 
axis of the laser beam is at an angle with respect 
to a line perpendicular. to a. plane defined by an 
. opposing surface of the support; and 

directing the laser beam onto a 
photosensitive material located at the opposing 
surface of the support, whereby an electron beam 
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is emitted from the photosensitive material in 
; ■ . T. : responS!e do "the' intident ' laser beam 

Id..: The method of Claim 15, wherein the directing 
the laser beam onto ' the supi>oft comprises directing a 
plurality of scanned laser beams. 

17. The method of Claim 15, wherein the support 
is of a uniaxially biref ringent- crystalline material , 
having. a c-axls about it is fbtationally' symmetric, and 
wherein the c-axis extends iri a plane parallel to that 
defined by a principal surface of the photocathode 
cpurce material/ and further-' c6rt,prising the act of 
arranging, the -laser beam., sb^'^ that it^ polarization 
direction, is., at: 90° to the.--e-axis . 

18... A method of -^operating V pho'tocathode , 
comprising.. the acts of : 

directing an ihcid^ht 'laser beam onto a 
support on which a photosensitive material lies, 
... wherein .the support •in •^aW'axially biref ringent ' 
crystalline material having- a c-axis about' which 
it is rotationally symmetric; 

orienting the' suppoirt ' sb that its c-axis 
. . ..extends in a plane pa'railel to that defined by a 

principal surface of the photosensitive material; 

,. and . ;. •• ■. ■ 

orienting the incident laser beam so that its 
polarization direction is at 90° to the c-axis. 
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